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Forward (from "NDE Education/Training for Engineers")
Abstract
In 1980 the Materials and Fabrication Committee of the American Society of Engineers, Pressure Vessel and
Piping Division, conducted a symposium entitled, "Critical Issues in Materials and Mechanical Engineering"
(1). The purpose of this symposium was to identify those engineering issues which affect the future of ASME
and the public at large. One of the critical issues defined and unanimously endorsed by this symposium was
the reliability of nondestructive evaluation (NDE). In his statement of the issue, Mordfin pointed out that " ...
reliable NDE, performed during fabrication and in service, can enhance safety, increase durability, improve
performance, and reduce life cycle costs ... " He further added that these benefits cannot be achieved without
reliable NDE tools, and that reliability itself is a very complex issue that embraces many facets of technology
and human skills. Examples of some of the technological facets include the research and development leading
to more reliable NDE instrumentation and interpretive signal processing algorithms, the utilization of these
advances in the design of NDE systems with predictable and quantifiable performance reliability, and the
strong interfacing of NDE with design, materials processing, manufacturing, and maintenance functions that
must yet be developed. Human factors that improve reliability are more difficult to define, but certainly
include the level of education and training of personnel as well as a number of intangibles that constitute the
motivational environment. Burley noted that an important overlying motivational element is management
attitude. "Reliability in NDE requires an expressed management philosophy that NDE is essential to improved
quality and service life of components fabricated from a variety of materials."
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In 1980 the Materials and Fabrication Committee of the American Society of 
Engineers, Pressure Vessel and Piping Division, conducted a symposium entitled, 
"Critical Issues in Materials and Mechanical Engineering" (1). The purpose of 
this symposium was to identify those engineering issues which affect the future 
of ASME and the public at large. One of the critical issues defined and unani-
mously endorsed by this symposium was the reliability of nondestructive evalua-
tion (NDE). In his statement of the issue, Mordfin (2) pointed out that " ••• re-
liable NDE, performed during fabrication and in service, can enhance safety, in-
crease durability, improve performance, and reduce life cycle costs ••• " He fur-
ther added that these benefits cannot be achieved without reliable NDE tools, and 
that reliability itself is a very complex issue that embraces many facets of 
technology and human skills. Examples of some of the technological facets include 
the research and development leading to more reliable NDE instrumentation and 
interpretive signal processing algorithms, the utilization of these advances in 
the design of NDE systems with predictable and quantifiable performance reliabil-
ity, and the strong interfacing of NDE with design, materials processing, manu-
facturing, and maintenance functions that must yet be developed. Human factors 
that improve reliability are more difficult to define, but certainly include the 
level of education and training of personnel as well as a number of intangibles 
that constitute the motivational environment. Burley (3) noted that an important 
overlying motivational element is management attitude. lReliability in NDE re-
quires an expressed management philosophy that NDE is essential to improved qual-
ity and service life of components fabricated from a variety of materials. 
Following the symposium in 1980, a second seminar was assembled jointly by 
ASME and ASNT in Atlanta, October 1981. This seminar was entitled, "Nondestruc-
tive Evaluation Reliability and Human Factors" (4). As implied by its title, its 
purpose was to initiate discussion on topics that pertain to the human issues 
affecting NDE reliability. The current seminar, "Education/Training for NDE 
Engineers," was organized, again under joint ASME-PVC and ASNT sponsorship, to 
pursue in detail certain elements of the human factors issue, i.e., those elements 
that pertain specifically to the educational and training opportunities and de-
ficiencies that currently exist for NDE personnel and the influence of these edu-
cational factors upon reliability. The edited proceedings of this seminar form 
the contents of this volume. 
iii 
The first session of this seminar was organized to obtain an objective 
assessment of the current status of NDE education and training opportunities for 
NDE personnel. It consisted of five prepared papers. In the first of these, Mr. 
Henry Stephens, Jr., of the Electric Power Research Institute (EPRI) summarized 
training activities that have been developed at the EPRI NDE Center for inspec-
tors in the power utilities. He highlighted the fact that the development of 
training materials and practices designed specifically for the electric power in-
dustry is the key element in advancing basic skills training. These materials 
include "hands on" inspection training with specific industry components that 
must be inspected in the field. A second summary of training activities was pro-
vided by Mr. W.J. Kitson, Jr., now president of ASNT, who discussed education and 
training opportunities offered by ASNT. He noted the need for much stronger 
industrial-university coupling in preparing people for industrial opportunities 
in NDE, a job that is currently done by industry but one which would be better 
done through cooperation with academia. In discussion, he also noted the lack of 
any training effort aimed specifically at the improvement of reliability in an 
inspector's performance. The third paper of this session was presented by Prof. 
H.J. Weiss, Head, Department of Engineering Science and Mechanics, Iowa State 
University. Prof. Weiss provided an up-to-date survey of activities related to 
the education of NDE engineers at the senior university level. From his survey, 
Prof. Weiss concluded that " •.• there does not now exist a structured program at 
the undergraduate level leading to an engineering degree with a major emphasis 
in NDE." As a part of his paper, he provided a "straw man" example of such a 
curriculum that is being developed at ISU. He further concluded that research 
and education at the graduate level is doing relatively well, but that most of 
the support for this activity appears to come from the academic and government 
sectors and not from industry. He also noted that educational and training pro-
grams listed in various publications, ~.g., Redi Reference Guide, are mostly 
technician training programs and are not coupled with full-fledged engineering 
degrees. Prof. R. Bruce Thompson, Research Professor, Ames Laboratory and Iowa 
State University, provided an overview of research advances in NDE aimed at im-
proved reliability that should make their way into industrial practice. Even 
though these advances could undoubtedly increase technique reliability markedly 
through the design and production of reliability-engineered NDE instrumentation, 
industrial implementation of these advances will require at least some engineers 
with a much deeper and broader base of NDE knowledge than that which is currently 
provided in the various technician training programs. Improvements in the educa-
tional opportunities in NDE for engineers must be started now in order to take 
advantage of these technological advances in reliability. Prof. Thompson provided 
a one-to-one set of examples of research technology advances and curriculum re-
quirements. In the final paper, Dr. H.M. Burte, Chief, Metals and Ceramics Sec-
tion of the Air Force Materials Laboratory, provided a description of his percep-
tion of the NDE qualities desired in an engineer, based upon his extensive aero-
space experience. Dr. Burte noted that at least some engineers are sorely needed 
with both a horizontal and vertical skill base in NDE, i.e., a skill base that is 
broad enough in scope to include acquaintance with a variety of traditional dis-
ciplines that are necessary in NDE as well as a working acquaintance with the 
various steps involved in the engineering technology transfer of research advances. 
He concluded that there is progress in the former case, but very little at this 
time in the latter. As a conclusion to the morning session, Dr. W.H. Sproat, 
Lockheed-Georgia, provided an excellent summary of salient points made by the 
various speakers. This summary is also provided in this volume. 
The second session of the seminar was a panel discussion. Its purpose was 
to promote discussion between members of industry and academia that would be use-
ful in determining educational directions to be taken to improve NDE reliability. 
Technical industrial leaders with in-depth experience in NDE provided the seminar 
with their perspectives of advances that are needed in education/training; these 
presentations were followed by open discussion. The panel included Mr. W.D. 
Rummel, Martin Marietta; Dr. C.H. Wells, Failure Analysis Associates; Mr. S. Wenk, 
Southwest Research Institute; Mr. R.S. Spinetti, J & L Steel Corporation; Mr. 
N.O. Cross, Exxon Research & Engineering Company; and Mr. A. Holt, Babcock & 
Wilcox. As in the first session, a detailed session summary was provided by 
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Prof. W.H. Lord, Department of Electrical Engineering, Colorado State University. 
In order to establish a point of commonality, this group was invited to 
address the following topics, as they saw fit, from their various industrial per-
spectives: 
1. Provide a summary of any specific steps that industry is taking to pro-
mote inspection reliability (management philosophies, motivational items, 
on-the-job training, continued education, etc.). 
2. Provide objective assessments of the adequacy (or inadequacy) of current 
NDE education/training opportunities. 
3. Comment upon benefits to be obtained in NDE reliability through increased 
educational opportunities, e.g., the value of a fully accredited engi-
neering graduate with an academically generated knowledge and understand-
ing of the fundamentals of NDE. 
A clear and definite distinction had first to be made between education and 
training before the above topics could be addressed. This distinction has not 
always been made in the NDE field. The following descriptor has been extracted 
from W.D. Rummel's panel presentation; it formed a guideline for ensuing dis-
cussion. "Training may be defined operationally as the process of imparting 
specific knowledge and experience together with the skills and procedures neces-
sary for consistent, conditioned responses to specified stimuli. Education may 
be thought of as the process of imparting general knowledge and experience that 
are necessary to provide reasoned responses to a class of general and unpredicted 
stimuli." The engineer should be educated so that he can draw upon basic NDE 
principles taught in academia and upon new research advances to design, test, and 
quantify the reliability of NDE systems; the NDE technician should be trained to 
implement and use NDE systems. 
A number of important comments were offered by the panelists and by the 
audience relative to the above topics; a synthesized summary of these is given 
below. 
I No new training activities or centers aimed specifically at improvement 
of NDE inspection reliability for industry at large were identified. An 
industrial training program at the EPRI NDE Center for the electric power 
industry now includes an intensive training period utilizing specific 
industrial components. The availability of real components in training 
programs may provide improvement in inspection reliability. Round-·robin 
programs relating to specific applications may be a tool for improvement 
in reliability. 
I Educational opportunities which lead to graduate engineers capable of 
performing system design and test functions are extremely limited; train-
ing opportunities for technicians are numerous but currently do not place 
specific emphasis upon ways to improve performance reliability. 
I Based upon the above disctinction between education and training, it was 
recognized that industrial reliability of flaw detection and characteri-
zation in NDE and the development of coupled component life prediction 
capabilities would both benefit if graduate engineers with backgrounds 
containing appropriate NDE and materials related subjects were available 
from academia. A variety of research advances have been made, and will 
continue to be made, in topics that directly affect both of the above. 
The successful reduction of these advances to industrial practice will 
require the services of the graduate engineer. Training programs, impor-
tant as they are, do not provide the scope and depth of knowledge neces-
sary to transfer complex research advanc?.s into the design of new and 
more reliable NDE systems. 
v 
A number of additional poin.ts highly relevant to the above discussion were also 
brought out in the seminar. Those that drew special attention·are given below. 
I It was the consensus of this seminar that a strong need exists for the 
development of curricula leading to the graduation of engineers with a 
traditional disciplinary engineering degree and with an option in NDE. 
It was not the sense of this seminar that an NDE degree program is needed 
at this time. The NDE option should be multidisciplinary and should also 
provide insight into problems associated with the transfer of a multidis-
ciplinarily based technology. 
I Cooperative partnerships, including industry, academia and government, 
must be developed in order to provide resources needed to fill:".the miss-
ing NDE engineer gap. These partnerships should include financial 
arrangements as well as an interchange of personnel between industry and 
academia, including possible adjunct teaching arrangements. 
I Industrial representatives who seek graduating engineering candidates for 
industrial positions should specify the need for graduates with NDE edu-
cational experience. This simple step will assist in implementing neces-
sary new programs at the university level. 
I Industrial management must provide an expressed philosophy of support. 
NDE is the key to productivity with quality (5). It should not be viewed 
as an unnecessary cost of doing business; rather, it should be regarded 
as a cost avoidance measure. Industrial management must no longer assume 
that NDE requirements are identified by specification. On the contrary, 
management must recognize that NDE engineering, including estimates of 
instrumental inspection reliability, must be completed and validated 
before specifications, procedures, and application requirements are gene-
rated. Management education is a primary entry point for improved NDE 
engineering technology and reliability. 
It is the opinion of the organizers that this seminar has highlighted one 
major deficiency which has impeded and w{ll continue to impede improvement in 
NDE reliability until it is rectified. That deficiency, simply, is the void 
that exists in our industrial society which should be filled by new, disciplinary 
engineers with an academically provided option in NDE. Training programs, as they 
are currently constituted, do not provide the knowledge base that is necessary to 
effect technology transfer of complex research advances. That is not to say that 
improved training programs for technicians are not important--they are. NDE 
engineers and technicians should operate as a team in order to introduce new 
technology into NDE systems and to use the systems properly. It is, of course, 
true that reliability may be improved piece-wise by other steps; one that is 
often cited is automation. Even though such steps may provide limited improve-
ment, the organizers submit that they represent "cart before the horse" solutions 
that do not go to the heart of the reliability problems, i.e., the missing-link 
people problem. Reliability improvements in NDE should first be sought with.the 
introduction of new and existent basic technology advances and then further 
"honed" with additional steps such as automation. It is unrealistic to expect 
that steps such as automation can make up for shortcomings in the basic inspec-
tion, or measurement, technique. Other nations in the western bloc have provided 
better technology transfer opportunities than the u.s. has. For example, West 
Germany and Japan have been leaders in this step through their university-indus-
trial institutes. It is our opinion that such steps are needed in the U.S. to 
begin and sustain the serious business of technology transfer in NDE from research 
to industry with emphasis upon improvement in inspection reliability. 
The organizers of this seminar wish to express their appreciation to the 
participants for their cooperation in the planning and presentation of this 
seminar, to ASME-PVP and ASNT for their joint sponsorship, and to Mrs. Ingeborg 
Lerdal for preparation of this manuscript. As noted by Prof. Lord in his sum-
mary, it is our sincere hope that progress which has been made in defining at 
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least one of the needs that must be fulfilled in order to improve NDE reliability 
will not be put "on a shelf." The subject is simply too important to the improve-
ment of productivity, safety, conservation, the image of American industry, and 
the establishment of public confidence in and acceptance of new technology to 
permit this to happen. 
Ames, Iowa 
March 1983 
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